IT IS WELL KNOWN THAT STUDENTS LEARN MORE when they are involved actively in learning than when they are passive recipients of instruction (1) . Active learning strategies can be designed to target visual learners through models and demonstrations, auditory learners through discussion, debates and games and kinesthetic and tactile learners through models and role playing (5) . It has been observed that, in every group of 30 students, an average of 22 are able to learn effectively as long as the teacher provides a blend of visual, auditory, and kinesthetic activities. The remaining eight students differ in their preferences for modalities of learning and fail to understand the subject matter unless it is presented in their mode of preference. To meet these needs, teaching should be multisensory and filled with variety (2) .
There is very little documentation of the effectiveness of various active learning strategies, and often faculty are reluctant to incorporate such new strategies into the teaching curriculum (5) . We have been fortunate enough at the Department of Physiology, Government Medical College, Chandigarh, a budding institution of a developing nation, India, to introduce a number of innovative teaching techniques emphasizing the interactive form of learning for making the subject of Physiology more interesting.
METHODS

Educational Settings
It should be mentioned here that medical students in India are undergraduates and join after the 10 ϩ 2 system and spend 4.5 years in medical education (1 yr preclinical, 1.5 yr paraclinical and clinical, and 2 yr purely clinical). The basic medical degree awarded is the MBBS, whereas the MD is a postgraduate degree. In the subject of physiology there are 200 hours of didactic teaching in the form of theory classes taken for an hour each, daily, six days a week. Once a week there is a tutorial in the topics covered as conventional lectures. Besides this, there are 280 hours of practical teaching, which include human, mammalian, hematology, and amphibian experiments and the innovative techniques mentioned above. Regular tests are taken after completion of a system in theory (subjective type), completion of experiments for a particular lab (hematology, human, mammalian, and amphibian, etc.). A promotion test (half yearly) and a "send-up" examination before students appear for final examination are held for both theory and practical.
Students in the United States complete four years for the BS and then join medical schools. The students thus hold a baccalaureate degree at the entry level. The basic medical degree awarded is the MD.
The examination pattern as per the Medical Council of India guidelines is of short-answer type where the evaluation procedure is subjective and variable. The evaluation of student performance is done by four different examiners (2 external and 2 internal). Assessment in later clinical years is also subjective; hence, performance in these exams is not a reliable index to test the effectiveness of teaching-learning strategies. Objective examination through multiplechoice questions is a perfect evaluation instrument to compare the effectiveness of teaching methodologies. The evaluation/assessment pattern in India being quite different, the objective type of evaluation could not be applied to test the pedagogical effectiveness in our studies.
However, performance of the students in various entrance exams conducted for postgraduate studies (akin to United States Medical Licensing Examination) is of the objective type and can be taken as a test for judging the efficacy of innovative techniques in terms of the number of students who qualified and gained admission to postgraduate programs and their ranks. All the innovative techniques started in toto with the 2002 batch of students. This batch will appear for their postgraduate entrance tests only after December 2007. For these reasons, the effectiveness of the innovative program initiated by us could not be evaluated objectively. However, subjective evaluation of each of the programs was done through administering a questionnaire (feedback form) to the students at the end of the program.
The innovative teaching techniques employed by us are described below.
Vertical Orientation Program
The medical students undergo a vertical orientation program so as to understand in a better manner the pathophysiology of various clinical ailments. The students are taken to clinical departments to learn about sophisticated techniques and live demonstrations and are encouraged to learn actively in clinical settings through studentpatient interaction.
As per the Medical Council of India guidelines, interaction of the basic departments with clinical departments during the preclinical phase of medical education is mandatory. Horizontal integration, i.e., integrating the teaching curriculum with the basic departments like Anatomy and Biochemistry has long been in practice. The Vertical Orientation program is a new concept and was introduced by us into the medical curriculum since the 2000 batch. The academic session runs from July to June of each year, and the batch of medical students specifies the year in which they joined.
The students visit various departments like the Department of Haematology and Transfusion Medicine to learn safe blood transfusion procedures and live demonstrations, the Department of Pulmonary Medicine to be introduced to the latest techniques and sophisticated equipment available for pulmonary function tests, and the Department of Medicine to become familiarized with Holter, stress electrocardiogram, and echocardiography through patient studies. The students become well acquainted with hospital surroundings and also understand the pathophysiology of various clinical ailments in a better manner through live demonstrations. This facilitates their learning process and reduces the adjustment period to clinical settings during the paraclinical and clinical phases of medical curriculum.
Undergraduate projects. To encourage computer-assisted learning, the students access the Web and prepare undergraduate projects. The Internet as a medium of learning is explored to the maximum for the creative use and positive impact of such knowledge on the learning process. Topics from recent advances in the subject are allocated to them. Through Internet search the students acquire the latest knowhow on the assigned topics and compile the projects in the form of a brochure.
The projects prepared by the first batch were individual and were on a voluntary basis. Later on, it became a group effort so as to involve more and more students. Also, the students gradually became very interested in the undergraduate projects, and most of them participated.
Students are directed to procure the latest information and recent advances on various topics allocated to them. The students do a thorough Web search and compile the knowhow in the form of a brochure. This practice started with the 1999 batch of students, and 33 projects have been submitted since then ( Table 1 ). The students of the 1999 batch prepared the projects in January 2000, the 2000 batch in 2001, and so on. Thus each batch submits the projects in the month of January of the subsequent year.
The undergraduate projects are kept as archives in the departmental library for ready reference.
Computer-assisted learning (learning through CD-ROM). The opportunities associated with the development of computer-based technology in contributing to effective life science education have grown exponentially within the past decade. The multimedia software available on CD-ROM can play a powerful role with applications in labs and lectures, tutorials and project work. A number of CDs are available in the department. They are Fundamentals of Human Neural Structure, Sylvius 2.0, which is a CD-ROM interactive atlas of the human brain consisting of six modules featuring realistic color-enhanced, high-resolution brain images, functional and connectional information of labeled structures, 3-D images, animations, self quiz, etc.; a CD-ROM consisting of the figures from the textbook Principles of Physiology by Robert M. Berne; and a customized slide show on the respiratory system through animation. histamine kinins, and other proteolytic enzymes from ischemic tissue and their accumulation due to slow flow of blood stimulates the pain endings in the cardiac muscle. C. Lower value of hematocrit in capillary blood than whole body hematocrit Ans. Due to plasma skimming, in this phenomenon, red blood cells align themselves in the center of the large blood vessel, leaving disproportionately higher plasma on the sides, so the capillaries originating from the sides of the blood vessel have relatively fewer red cells. D. Increase in total peripheral resistance during isometric exercise Ans. During isometric exercise, the exercising muscles are tonically contracted, causing continuous compression of blood vessels, thus increasing the total peripheral resistance. 2) Beriberi heart disease D. Cause of increased pulse pressure in patent ductus arteriosus Ans. In patent ductus arteriosus, there is a rapid rush of blood in pulmonary trunk as soon as blood is pumped out in the aorta, causing a decrease in the diastolic pressure. Seminars. Weekly seminars are held, and all the students are required to participate actively. The best speaker of the seminar from the entire batch is given an award. The awards are given to inculcate a competitive spirit in the students and bring the best out of the students.
Virtual laboratories. Virtual laboratories detail the preparation, essential equipment, and method relevant to the practical, and students then actively perform experiments themselves with simulated tissue responses to stimuli or pharmacological agents as they would in an animal practical or clinical scenario, monitoring and recording data with on-screen oscilloscopes, chart recorders, and other apparatus (3). Software, which includes a virtual laboratory, presents a range of equipment on-screen and may offer a very high degree of interactivity. Typically, such programs simulate classical animal preparations and experiments within physiology, pharamacology, and critical care. These disciplines lend themselves well to multimedia because of the need to correlate multiple and simultaneous events and to gain an understanding of the interplay between complex and related phenomena (3). Thus the concept of the virtual laboratory is encouraged in our department. The available software on the Internet is downloaded for offline experimentation where the students perform specific experiments under the guidance of a tutor. The students learn the principles and laws governing physiological phenomena through animal experimentation. However, due to restrictions imposed on animal experiments and availability of animals, currently there is a reduction in the number of animal experiments. Through the software available on the Internet, the students are trained to conduct some of the amphibian experiments on the computer and plot the dose-response curve. The virtual laboratory sessions are conducted in two practical sessions and cover the recording of blood pressure, heart rate, skeletal muscle recording in Virtual Cat, blood pressure and heart rate monitoring in Virtual Rat and nerve muscle physiology experiments using various drugs and ions in amphibian preparations.
Training through audiovisual aids can play an important role in medical education. At the department, some of the practical demonstrations are taken by the tutors through video-based teaching resources.
Students as project coordinators. The department inculcates leadership qualities in students. The students actively participate as coordinators of the on-going departmental research projects. Two such projects were conducted during the years 2000 -2001 and 2001-2002 to assess the stress in medical students and to evaluate the impact of relaxation therapy through yogic exercises and Brahmkumari's way of Rajyoga meditation practices, respectively, on medical students. On the basiss of the results of the preliminary studies conducted in 2000 -2001, the students of the 2002 batch were given relaxation training through the Brahmkumari way of Rajyoga meditation (n ϭ 15), 15 students participated in yoga training, and 14 students served as controls. The various sympathetic [cold-induced change in systolic and diastolic blood pressure (cold pressor response), recovery time, heart rate, postural changes in blood pressure] and parasympathetic cardiovascular prarmeters (Valsalva ratio, expiration-to-inspiration ratio on deep breathing, 30:15 ratio) and psychological variables (general health questionnaire, major hassles, minor hassles, coping checklist, and quality-of-life questionnaire) were recorded after their admission to medical school (baseline values) and after completion of the relaxation training program (Brahmkumari way of Rajyoga meditation/yoga training) and during follow-up. The results revealed the beneficial effect of Rajyoga meditation in relieving stress in first-year medical students (unpublished observations). One of the medical students who was involved in the project presented a paper at a National conference and won the award for Best Undergraduate Paper.
Physioquiz. After completion of a few systems in physiology theory, a quiz is conducted. On average, three quiz competitions are conducted per academic year.
The Physioquiz is conducted for each system in which 12 students (4 teams, 3 each) participate actively. Six students also take part as quiz masters for marking scores and monitoring times (2 each (Figs. 1, 2, and 3 ).
Round IV: Match the Column, Trace the Path, Arrange in Order (Tables 13, 14, and 15) Round V: Clinical Problems (Table 16) Round VI: Rapid-Fire questions (True/False) within 1.5 minutes time (Table 17) The various rounds (six) of the quiz are prepared on the basis of the taxonomy classification that refers to the complexity-of-thought process required while the item is being answered. The first round, consisting of question-answers, is based on simple recall of factual information (taxonomy level 1). Rounds II and III, consisting of Jumbled Words, MCQs, and Graphs and Flow Diagrams to indicate missing links, are based on interpretation of information from charts, graphs, or flow diagrams or interpretation from two concepts that have a relationship (taxonomy 2). Rounds IV, V, and VI, having Match the Following, Ascending Order, Clinical Problems, Trace the Path, and Rapid-Fire Questions are based on testing primarily the application of Fig. 2 . Some of the factors causing edema in cardiac failure. Identify the missing links.
knowledge to the solution of a specific problem and the fitting together of a variety of elements into a meaningful whole (taxonomy 3). The quiz conducted by students inculcates in them team spirit, leadership, better organizing abilities and interest, and better comprehension of the subject.
The time allocated, the marks, and whether the round is to be passed to the next team or not are indicated in the figures concerned.
The Quizzes help in improving memory power, scientific nomenclature, and vocabulary and active learning through integrative reasoning, which helps in improving intellectual power.
Clinical case presentation. We also have one hour of clinical case presentation wherein clinical cases are presented and discussed with students.
RESULTS
The students were asked to give numerical rating to a series of questions concerning each of the innovative program and its overall impact (Tables 18 and 19 ). The students were also encouraged to write their comments. The rating was provided on a four-point scale ranging from 1 (strongly disagree) to 4 (strongly agree). The overall impact for each of the programs was given a numerical rating on a scale of 1 (poor) to 4 (excellent). The students were also asked to give individual comments, especially if they had given a rating of 2 or below. The students mostly agreed that the vertical-orientation program helped them understand the pathophysiology of various clinical ailments, that live demonstrations improved their comprehension in relating physiology to clinical problems, and that Table 15 . Round IV(c): Arrange in Order 1. As the red cell membrane becomes more fragile, the cells rupture during passage through some narrow vascular bed. 2. Rupture of the red cells releases hemoglobin into the circulation. 3. The red cells become more fragile toward senescence. 4. Phagocytosis of the released hemoglobin by the macrophages occurs in many parts of the body. 5. Biliverdin thus formed is then metabolized to bilirubin, and this unconjugated bilirubin now binds tightly and noncovalently to albumin. 6. The heme moiety and globin are separated, and oxidation of heme moiety takes place within the reticuloendothelial cells. 7. Unconjugated bilirubin is taken up by the hepatocytes and conjugated. 8. Conjugated bilirubin is secreted into the bile and later excreted in urine and stool in different forms. 9. Red cells originate from the bone marrow and circulate for an average of 120 days.
Ans: 9, 3, 1, 2, 4, 6, 5, 7, 8.
the program helped acquaint them with hospital surroundings (scores of 2.9, 2.96, and 2.98, respectively, Table 18 ). However, the overall impact was given as a score of 2.66, i.e., higher than average. The points of disagreement were that there were no earlier apprehensions to hospital surroundings, that it was difficult to comprehend advanced techniques like Holter, echocardiography, etc., that the students could not think about the pathophysiology of diseases with seriousness at that stage, and that a more interactive approach should be applied. For the undergraduate projects, the students gave a rating of 3 and above, agreeing to all the items mentioned (Table 18 ). The overall impact of the program was good (2.96). The individual comments were that the projects should be assigned earlier and not in the month of January, that more projects should be given, that students should work in front of the teachers, that discussion should follow upon completion of the projects, and that marks should be given for assessment and more time given for these projects. The positive comments were that the projects were simply encouraging and excellent, that more projects should be given and continued for other batches, and that they are a good way of learning physiology.
The quiz program was the most appreciated by the students, getting a score well above 3 for all the items and a very good overall impact (3.28). Most of the students were of the opinion that Physioquiz formed an excellent means to increase their knowledge about the subject, that quizzes should be conducted more frequently, and that preparation for the quiz helps in preparing for the forthcoming examination. Some comments of the students contradicted each other, such as "more emphasis should be given to clinical problems" and "application of knowledge to diagnose a particular disease was difficult as we have little knowledge about the clinical problem." Some of them expressed the opinion that audience participation should be maximized.
DISCUSSION
In some studies (6) that have evaluated active learning in terms of classroom performance, methods of teaching and methods of performance evaluation were not always matched. In some cases, a similar evaluation instrument, an objective examination, was used to compare students taught by different methods.
In the aforementioned studies (6), there was subgrouping among the students, with one group being subjected to activelearning strategies and didactic lectures and the other group only to didactic lectures. We administered the active-learning strategies to all our students, as the aim was to benefit all students. The pedagogical effectiveness of the various programs is revealed through student feedback on the activelearning strategies developed by us.
Unlike in other studies, our study group is uniform and consisted of all first-year medical students. The "VARK" technique describes visual, aural, read-write, and kinesthetic modes of learning. It is well documented that many of the learning strategies employ application of more than one form of these learning modes simultaneously. In vitro labs explore kinesthetic (click of the mouse) and visual (observing the effects in the form of a graph) forms of learning. Learning during the quiz is multimodal. Many of the students could recall the spellings or other information or jumbled words after confirmation of the same through writing. Probably, during the learning procedure the spellings were learned through writing, and thus writing formed the basis for memorization at a later stage. The practical skills Initially he showed improvement, but after 2-3 days he developed fever with severe vomiting. On examination: -Pulse is 160 beats/min -Chest clear on auscultation and percussion -Cardiac examination also does not reveal any abnormality except sinus tachycardia in the ECG -Chest X-ray shows normal lung and heart shadow -Renal silhouette is also normal -He is having severe sweating and could not rise from the lying position because of vertigo and dizziness
What important diagnostic tool has been conducted but not mentioned here? What is the basic underlying mechanism responsible for the above condition? What should be the immediate line of treatment?
Ans: A-Blood pressure measurement; B-loss of fluid leading to hypovolemia; C-fluid replacement therapy In the study of Richardson and Birge (6), the students belonged to various streams. In our studies, the students were from one stream, i.e., medical. They conducted their study to compare the students with a study group. We designed our undergraduate program to benefit all the students, as dividing them into control and test group would have deprived some of them from deriving the benefits of such a program.
As stated by Odenweller et al. (4), dry laboratories using virtual laboratories eliminate obstacles inherent in animal experimentation such as inadequate budgets, avoiding important animal rights issues, lack of animal facilities and equipment, and limited experience of the teachers. To overcome these obstacles, they developed the dry laboratory by use of virtual rats. On similar grounds, we conducted the virtual laboratory sessions in two practical classes and covered the recording of blood pressure, heart rate, and skeletal muscle recording in Virtual Cat, blood pressure and heart rate monitoring in Virtual Rat, and nerve muscle physiology experiments using various drugs and ions in frogs.
In conclusion, all of the programs initiated by us had good pedagogical effectiveness as revealed through student ratings. The quiz program was the one that was highly appreciated with the highest scores, followed by the undergraduate projects and the vertical orientation program in that order. Further improvements in these programs will be brought about as per the comments of the students. Data are presented as class means (n ϭ 50). All the items except the overall impact of the program are on a rating scale of strongly disagree (1) to strongly agree (4).
